This study examines the relative efficiency levels of domestic and foreign commercial banks in Malaysia between 2000 and 2006, using accounting-based ratio, stochastic cost and profit frontier approach. Using accounting-based ratio, the results suggest that interest margin and operating cost are slightly higher for domestic banks than for foreign banks. Further, the results also suggest that profit ratios are slightly higher for foreign banks relative to domestic banks. Using the stochastic frontier approach, the results indicate that domestic banks are found to be more cost-efficient but less profit -efficient relative to foreign banks.
granting, investment, insurance and financial advisory services are being bundled into one financial conglomerate of financial supermarkets. The integration of financial markets within and across borders as well as mergers among banks, reflect attempts to increase financial industry efficiency. The Malaysian experience on the merger exercise is a good example. From 58 financial institutions, the number has to reduce to 10 anchor banks, this was completed in December 2000. This was the result of the financial crisis which weakened the domestic banking sector and the move towards consolidation is hoped to improve the efficiency of the banking sector.
The commercial banks have undergone a tremendous development with the merger exercise. Theoretically, bank mergers could broaden the product mix and reduce cost. Definitely, large size capital and assets are crucial for a bank to become an efficient, competitive and powerful bank. These elements with good quality service will enable banks to compete with foreign banks at the local as well as at the international levels.
This article is organized as follows: Section 2 overviews the efficiency measurement in banking followed by data and methodology. Section 4 discusses the results and followed by conclusion.
Efficiency Measurement in Banking
In the previous literature on banking studies both parametric and non-parametric approach has been used. There is no consensus of which method is superior to the other. Accounting-based ratios, though is a crude measure, is easy to use. However, results obtained by this method must be interpreted with caution.
Accounting-based Ratios
Early research in the banking industry was mainly concerned with estimating the average productivity, using some sort of indices and with cost comparison (Farrell, 1957) . Subsequently, researchers tended to proxy efficiency by market share, the assumption being that banks with large market shares may be expected to earn higher profits because they have lower unit costs than banks with smaller market shares (See for example, Smirlock 1985 and Evanoff & Fortier 1988) . In other words, banks with lower cost structures could maximize profits either by maintaining the current level of prices and size or reducing the price levels and expanding, a positive relationship between firms' profits and market structures being attributed to the gains made by more efficient firms.
Accounting ratios are a crude measure used by bank analysts to measure efficiency and performance of banks. These ratios are easy to use since they are provided in the financial statements of each bank under consideration. Despite its contradictory issues, the use of simple financial indicators of operating performance, such as operating costs divided by total assets or the return on equity or assets, have also been used to compare efficiencies, as in studies of bank efficiency before and after mergers by Rhoades (1986) , Cornett & Tehranian (1992) and Srinivisan & Wall (1992) .
However, the use of financial ratios has its limitations. According to Berger, Hunter & Timme (1993) , the first problem is that financial ratios are regarded as misleading indicators of efficiency because they do not control for product mix or input prices. Secondly, using the cost-to-asset ratio assumes that all assets are equally costly to produce and all locations have equal costs of doing business. Finally, the use of simple ratios cannot distinguish between X-efficiency gains and scale and scope efficiency gains.
Stochastic Frontier Approach
The stochastic frontier approach (SFA), sometimes also referred to as the econometric frontier approach (EFA), was developed by Aigner, Lovell & Schmidt (1977), and Meeusen & Van den Broeck (1977) . In this approach, the SFA specifies a functional form for the cost, profit or the production frontier and allows for random error. The SFA modifies a standard cost (production) function to allow inefficiencies to be included in the error term. The predicted standard cost function is assumed to characterize the frontier while any inefficiency is captured in the error term, which is by construction orthogonal to the predicted frontier. This assumption forces any measured inefficiencies to be uncorrelated with the regressors and any scale or product mix economies derived linearly from these explanatory variables (Ferrier & Lovell, 1990) .
Another assumption needed in the SFA is to distinguish the inefficiencies from random components of the error terms. The random components include short term luck which place individual banks in relatively high or low cost positions and measurement error from excluded explanatory variables, misspecification etc. These two components are separated by assuming that inefficiencies are drawn from asymmetric half-normal distribution, and that random errors are drawn from a symmetric normal distribution. However, it is not possible to decompose individuals' residuals into inefficiency or random variation; therefore, estimating technical inefficiency by observation is impossible. Okuda, Hashimoto & Murakami (2003) used SFA to estimate the cost function of the Malaysian commercial banks from 1991-1997 and its impact on bank restructuring. The study observed economies of scale but not economies of scope and suggested that Malaysian domestic banks were making unproductive capital investments. Yildrim & Philippatos (2007) used both SFA and DFA to examine the cost and profit efficiency of banking sectors in twelve countries in Europe and found that the average cost efficiency level was 72 percent by DFA and 77 percent by SFA.
Data and Methodology
The banks in our sample include all 9 domestic and 13 foreign commercial banks in Malaysia over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The list of banks is presented in Table 1 . Income and Balance Sheet data taken was obtained from IBCA's BANKSCOPE data set. Altogether there were 147 observations but due to the log-linear specification in the estimated model, observations that had negative values were dropped from the sample. The selection process yielded an unbalanced panel with 147 for the cost function and 142 samples for the alternative profit function. This study will use the intermediation approach. Under the intermediation approach, banks are treated as financial intermediaries that combine deposits, labour and capital to produce loans and investments. The values of loans and investments are treated as output measures; labour, deposits and capital are inputs; and operating costs and financial expenses comprise total cost.
Accounting Ratios
In this study, three main accounting ratios will be used (See Table 2 ).
For each ratio, a comparison is made. For both interest margin ratios and operating cost ratios, the smaller the margin the more efficient the bank, the smaller the cost the more efficient the bank. For the profit ratios, the larger the profit the more efficient the bank is. Table 3 presents the mean accounting ratios for 2000 to 2006.
A Stochastic Cost Frontier (SCF)
Cost efficiency measures the performance of banks relative to the best-practice banks that produces the same output under the same exogenous conditions. The stochastic cost frontier (SCF) approach is based on a cost equation that relates a bank's cost to variables that incur those expenses, such as output levels and input prices.
The SCF cost equation contains a composite error structure that distinguishes random cost fluctuations from cost inefficiencies. To put it simply, the cost function describes the relationship between the cost with quantities of output and input variables plus the inefficiency and random error. The following cost equation:
C = f(y, w, z) + u + v
(1) where C measures the total costs of a bank, including both operating and financial costs; y is a vector of outputs; w is a vector of input prices; z represents the quantities of fixed bank parameters; u is the inefficiency term that captures the difference between the efficient level of cost for given output levels and input prices and the actual level of cost; and v is the random error term.
The cost efficiency of the bank can be written in a natural logarithm form as follows:
where f denotes a functional form. After estimating a particular cost function, the cost efficiency for bank i is measured as the ratio between the minimum cost (C min ) necessary to produce that bank's output and the actual cost (C i ):
where u min is the minimum u i across all banks in the sample. Under this formulation, an efficiency score of 0.95 for example, implies that the bank would have incurred only 95 percent of its actual costs had it operated in the frontier.
A Stochastic Profit Frontier (SPF)
Profit efficiency on the other hand measures how close a bank is to attaining the maximum possible profit as a best-practice bank on the frontier for a given level of inputs and output prices (quantities) and other exogenous variables. In this study we use the alternative profit specification thus avoiding the problems of having to measure output prices which are basically not available in our study.
The alternative profit specification employs the same set of exogenous variables as the cost function in Equation (1) but the profit replaces total cost as the dependent variable. Therefore the profit frontier is derived as follows: P = f(y, w, z) + u + v (4) where P measures the profits of a bank, including both interest and fee income, less total costs C used in the cost function.
The profit function of the bank can be written in a natural logarithm form as follows:
Profit efficiency is measured by the ratio between the actual profit of a bank and the maximum possible profit that is achievable by the most efficient bank.
where u max is the maximum u i across all banks in the sample. For example, if the profit efficiency score of a bank is 90 percent, it means that the bank is losing about 10 percent of its potential profits to managerial failure in choosing optimum output quantities and input prices.
The variables used in this study and the descriptive statistics are presented in Tables 4 and 5 .
These two models are simultaneously estimated using the maximum likelihood parameter estimation (Battese & Coelli, 1995) . The computer programme, FRONTIER Version 4.1 developed by Coelli (1995) has been used to obtain the maximum likelihood estimates of parameters in estimating the technical efficiency. The programme can accommodate cross sectional and panel data; cost and production function; half-normal and truncated normal distributions; time-varying and invariant efficiency; and functional forms which have a dependent variable in logged or original units. Table 6 shows the findings using accounting ratios. Operating asset ratios indicate that interest margin and operating costs on average are slightly higher for domestic banks compared to foreign banks. Similar findings are shown with operating income ratios and operating equity ratios. These ratios indicate that foreign banks are more cost efficient than their domestic counterparts. The opposite is the case with the profit ratios; they are on average slightly higher for foreign banks compared to domestic banks. This indicates that foreign banks are more profit efficient than the domestic banks.
Empirical Findings

Accounting ratios
For individual bank, it is found that PUB and HLB have the lowest operating costs. For profit ratios, PUB has the highest profit ratio followed by HLB and MBB, while CIMB has the lowest profit efficiency followed by RHB and ALB. AFB on the other hand experienced negative efficiency because this bank was making losses during these periods. For foreign banks, RBS has the lowest interest margin followed by DB and BNS. BOT and MCB have the highest profit efficiency. Overall, the results indicate that foreign banks are more cost and profit efficient than domestic banks.
However, accounting ratios are crude measures of bank performance and they need to be interpreted with caution (De Young, 1997) . For example, higher operating costs would mean higher costs to support extensive branches, technology and better service quality to customers.
Stochastic Cost Frontier Analysis
The results using cost frontier approach are presented in Table 9 . According to the results, the average cost efficiency level for 9 domestic banks under examination is 88.2 percent. This suggests that, on average, about 12.8 percent of bank resources are wasted during the provision of banking services. Whereas the average cost efficiency level for 13 foreign banks is 75.5 percent. This implies that on average 24.5 percent of the resources are wasted.
Overall, the results show that the cost efficiency level for all commercial banks in Malaysia is 80.6 percent. This means that 19.4 percent of the resources are wasted during the period. The results of this study are much lower than found in the previous studies of developed banking markets, in the range of 20 percent to 30 percent. Cost efficiency level has increased over the period for both domestic and foreign banks.
Based on the results, AMB has the highest average efficiency level (98.8 percent) and AFB has the lowest (83 percent) for domestic banks. For foreign banks, UOB has the highest efficiency level (89.4 percent) while BBB has the lowest cost efficiency level (54.4 percent). However, all these banks have improved their cost efficiency since 2000. Fig. 1 depicts the mean cost efficiency levels for both domestic and foreign banks.
Stochastic Profit Frontier Analysis
The results of the alternative profit efficiency estimation are presented in Table 10 . As in many previous studies, the alternative profit estimates are lower than those of cost efficiency levels (Berger & Mester, 1997 for US banks). Based on the results, the alternative profit estimates for domestic banks are lower than foreign banks (63.8 percent against 76.9 percent). From the results we can conclude that approximately one-third of banks' profits were lost to inefficiency during the period under study. All banks however, have increased their profit efficiency levels significantly since 2000.
The most profit efficient domestic banks are MBB (88.4 percent) and PUB (87.9 percent) whilst AFB, CIMB and RHB are the least profit efficient (19.9 percent, 40.4 percent and 47.3 percent respectively). The most profit efficient foreign banks are MCB (91.7 percent followed by CTB (91.6 percent) and HSBS (88.8 percent). The least efficient banks are RBS (52.4 percent), SCB (54.8 percent) and BOC (57.1 percent).
Overall, all banks have improved their profit efficiency over the seven-year period. Fig. 2 efficiency levels for domestic and foreign banks.
The maximum likelihood parameter estimates for both the cost and profit efficiency are presented in Appendix 1 and Appendix 2.
Conclusions
The Malaysian financial system has undergone a tremendous change during the last decade. Globalisation and technological advancement has changed the way banks are operating; emphasising the importance of minimising costs and maximising profits. This study examines the efficiency of Malaysian commercial banks using accounting-based ratios and the stochastic frontier approach: cost and profit frontier approach.
Our results suggest that interest margin and operating costs on average are slightly higher for domestic banks compared to foreign banks. These indicate that foreign banks are more cost efficient than domestic banks. This is perhaps due to the fact that domestic banks have numerous branches all over the country. In the case with the profit ratios; they are on average slightly higher for foreign banks compared to domestic banks. This indicate that foreign banks are more profit efficient than the domestic banks.
The cost and alternative profit efficiency is estimated using the stochastic cost and profit frontier approach. As in most previous studies on bank efficiency, we find that the average bank deviates substantially from the best-practice frontier. The managerial inefficiencies for the Malaysian commercial banks were found to be significant, with the average cost efficiency level for 22 banks at 80.6 percent. This suggests that an average bank would have incurred 19.4 percent less actual costs had it matched its performance with the best-practice bank. According to our results, domestic banks are more cost efficient relative to their foreign counterparts (80.6 percent against 75.5 percent).
The alternative profit efficiency levels are found to be significantly lower relative to cost efficiency. According to the profit efficiency estimation, the alternative profit estimates for domestic banks are lower than foreign banks. From the results we can conclude that approximately one-third of banks' profits were lost to inefficiency during the period under study. All banks however, have increased their profit efficiency levels significantly since 2000.
As a caveat, the results should be interpreted with great caution since previous research differs substantially across different estimation procedures. Further studies should use different estimation approaches allowing results to be compared. Table 2 . Accounting Ratios 1. Operating asset ratios i) Interest margin to assets (interest received -interest expenses)/asset ii) Operating cost to assets iii) Pre-tax profit to assets 2. Operating income ratios i) Interest margin to income ii) Operating cost to income iii) Pre-tax profit to income 3. Operating equity ratios i) Interest margin to equity ii) Operating cost to equity iii) Pre-tax profit to equity Note: TC = Total costs, = profits, Q = Total earning assets, X 1 = Price of labour and capital , X 2 = Price of deposits 
